Introduction
The characterization of seismic data in terms of their spatial properties, such as horizon dip and azimuth, has greatly improved the interpretation of 3D seismic data (Hoetz and Watters 1991) . In most cases the 3D seismic attributes are extracted at or between picked seismic horizons. In our paper we present an alternative method for 2D and 3D attribute extraction, that does not require the picking or tracking of horizons. We extend the relation between the 1D complex trace attributes and local spectra (Steeghs et al. 1995 ) to higher dimensions. Using the local 2D wavenumber-frequency spectrum we can extract dips and azimuths over time slices in 3D seismic data.
Method and preliminary results
Two-dimensional instantaneous attributes (Barnes 1994) can be related to a local spectrum. For a 2D seismic section the local power spectrum will be a 4D energy density function of the variables o set, x, time, t, and spectral variables spatial frequency, k, and frequency, f . We can de ne a local power spectrum as the Fourier transformation of a 2D local auto-correlation function. The 2D symmetric auto-correlation function R(x; t; ; ) of the seismic data u(x; t) is de ned by:
where is an o set-lag variable and is a time-lag variable and the asterisk denotes complex conjugation. The local k ? f power spectrum, W (x; t; k; f ), is now de ned by:
Once this local wavenumber-frequency spectrum is obtained, there is a large number of attributes that can be extracted from it. For instance, 2D instantaneous frequency is the mean frequency of W (x; t; k; f ) as function of x and t. In Fig.1 it is shown how the local slowness -( ? p) -spectrum can be obtained from the local f ?k power spectrum. From this local slowness or dip spectrum the instantaneous dip can be extracted as the mean dip at every sample location. To obtain the dip and azimuth of every sample on a time-slice of 3D seismic data the following steps are taken: (1) compute the 2D FFT of the local auto-correlation at every sample location of the time slice, (2) interpolate the local k ?f spectrum to a local p ?f spectrum, (3) sum over frequency to obtain the dip spectrum at = 0 and determine the instantaneous dip, p(x; y), as the mean of the spectrum with respect to dip. The instantaneous dip is determined in the in-line direction x and cross-line direction y. The local dip p(x; y) is now given by, p(x; y) = ( p x (x; y) 2 + p y (x; y) 2 ) 1=2 . The local azimuth, a, is found as a(x; y) = tan ?1 ( p x = p y ). A time slice through a 3D seismic data set and its instantaneous dip is shown in Fig. 2 . 
Conclusions
A new method for the extraction of 3D seismic attributes has been developed and applied to 3D seismic data. Its main advantage over existing methods is that the attributes can be extracted at arbritrary sample locations and as a result no horizon picking or tracking is required. Another advantage is that, at every step in the attribute extraction, the local spectra can be processed in order to improve the signal to noise ratio of the attributes. This makes the attribute extraction through the local spectrum considerably more robust than complex trace analysis based methods. 
